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PROCESS FOR THE PREPARATION OF HYDROTR EATING CATALYSTS FROM HYDROGELS 

The present invention relates to a process for preparing highly active phosphated alumina hydroget- 
derived catalysts. 

In the catalytic processing of petroleum feedstocks, it is often desirable to alter the pore structure of the 
catalyst in order to accommodate different types of feeds. For example, when processing feedstocks o 
high metals content, the metals tend to deposit rapidly on the catalyst surface and plug the pores of 
conventional hydroprocessing catalysts, resulting in a loss of catalytic activity for sulphur and nitrogen 
removal. To facilitate the diffusion of large components into and out of the catalysts and to prevent surface 
deposits of coke and metals, large pore diameters are required. On the other hand, when processing 
feedstocks with no metals or with low metals contents, it may be technically and economically desirable to 
use narrow-pore catalysts. For purposes of denitrification. narrow-pore catalysts normally have higher 
activities and longer lives than catalysts containing large pores which tend to deactivate quickly. 

The present invention relates to a process for preparing highly active hydrotreating catalysts having 
surface areas above 300 ntfg and at least 80 % of the pore diameters less than 7 nm which process 
comprises 

(a) precipitating from an aqueous solution of one x>r more aluminium salt(s) in the presence of a 
phosphorus-containing compound, by adjusting the pH of said solution to a range between 5.5 and 10.0 at a 
temperature in the range between 20 °C and 90 °C, thereby forming a precipitate . 

(b) ageing the precipitate at a temperature ranging from 20 °C to 90 °C for at least 15 minutes at a 
pH ranging from 8.0 to 12.0, 

(c) washing the precipitate, 

(d) mixing the precipitate with dry, water-soluble salts of a heavy metal selected from the group 
consisting of molybdenum, tungsten and mixtures thereof, and either of cobalt at a pH in the range between 
4.0 and 10.0 or of nickef and a phosphorus-containing compound in an amount of from 0.2 to 1.5 moles of 
phosphorus per mole of heavy metal, at a pH in the range between 4.0 and 8.0 at a temperature in the 
range between 25 °C and 100 °C to yield a final catalyst having from 1 %w to 5 %w of cobalt and nickel 
and front* 8 %w to 32 %w heavy metal, 

(e) extruding the product of step (d), and 

(f) drying and calcining the product of step (e) at a temperature ranging from 300 °C to 900 °C. 

It has been found that hydrogel-derived catalysts can be prepared using the hydrogel as a solvent in 
the reaction of the hydrogel with metal salts. One of the benefits of adding no additional water when the 
metal salts are added to the hydrogel is that less metal is lost to the effluent during washing. In addition, the 
use of phosphorus-containing hydrogels gives catalysts having activities equal to or better than catalysts 
prepared by conventional impregnation techniques when compared on a volumetric basis while having 
densities significantly lower than conventionally prepared catalysts. Two of the major advantages of the 
hydrogel route are higher metals utilization and lower costs of catalyst manufacture. The catalysts prepared 
according to the process according to the present invention have high surface areas, greater than 300 m 2 /g; 
high flat plate crush strengths, greater than 80 N; and substantial portions, greater than 80%, of their pores 
with diameters less than 7 nm. These catalysts are particularly useful for hydrotreating applications. 

In the process according to the present invention, highly active hydrotreating catalysts are suitably 
prepared by incorporating a heavy metal selected from the group consisting of molybdenum, tungsten and 
mixtures thereof, cobalt, or nickel and phosphorus into a phosphated alumina hydrogel-derived support 
prepared by titrating an aqueous solution of an acid aluminium salt and an aqueous solution of a basic 
aluminium compound in the presence of a phosphorus-containing compound at a pH in the range between 
5.5 an 10.0 and a temperature in the range between 20 °C and 90 °C thereby forming a precipitate. 

The phosphated alumina hydrogel can thus be prepared by titrating an aqueous solution of one or more 
aluminium salt(s) with an appropriate acidic or basic material or solution in the presence of a phosphorus- 
containing compound to cause precipitation of the alumina gel. Those skilled in the art will recognize that 
the alumina gel can be prepared in a number of ways, e.g. by titrating an acidic aluminium salt such as. for 
example, aluminium sulphate, aluminium nitrate or aluminium chloride, in aqueous solution with a basic 
precipitating medium such as, for example, sodium hydroxide or ammonium hydroxide, in the presence of a 
phosphorus-containing compound, or, by titrating an alkali metal aluminate such as, for example, sodium 
aluminate or potassium aluminate, in aqueous solution with an acidic precipitating medium such as, for 
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a p.osphorus-cont.ning compound. Those 
5.5 and 10.0 will resdtYn wSZmT^XS P alum '"i^-containing solution to between 
aluminium oxide. « " a.um,n.um mo.ety as aluminium hydroxide or hydrated 

5 Jlves j r ared by ^ - aque - 

phosphorus-containing compound to cause 2 J m ' n,Um Saft in 1,16 presence of a 
aluminium salts include alunSum ulohT SSS^l the w phosphated QeL Suitable acidic 

is a.uminium chloride. SuiZ I, meS 1'^Z^TZ T"'™ Ch ' 0ride - A pre,erred s P 8cias 

» Predion can be carried outt SgttJ Th> 
aqueous solution of the acidic aluminium species or mTorocedura l^Z H™" Sp6 ° ieS t0 80 

solution of the acidic aluminium species to an £££ d IS&TT*? ad * B 3,1 8qUe0US 
as "sequential precipitation-). Preferably, the mSSonl^ ? a ' UminUm Sp6CieS (re,9rr8d t0 

is carried out by simultaneously adZ the K2£Z P aCCOrdln9 t0 8,6 present invention 

rs least one of which has a P^^o^rZ ^^^^ ^ ** basic a,uminium «P«*>. * 
hydrpge. (referred to as "sLuSe^TeSonT therein ' * ^ preCipitati0n * *• 

is ^neric and refers to one 

phosphorus-containing* comZd if JZZ Z Z impound. The 

Phosphate salt and mfctures hereof. SltS nhSSE S 2 I™*™***" 3 <* Phosphoric add. a 
hydrogen phosphates. ammoniuT phWhl S a,teli metal Phosphates, alkali metal 

containing compound is P^STphoS^ P"«Phate. The phosphorus- 

prior to predpltat.cn. ^^^^^^ with £ acid ■»«**■" ***** 

Phosphate and mixed with the basic aluminSm ^S^SS^^? ^ * SOdium 0r ammonium 
compound can also be added as a -pZTSSTJS to STS^m ^ phosph ™ s ^"i"9 
basic aluminium species without significantly II 7. „ me alum,niu ' T ' spedes and the 
phosphorus-containing compoun Ms Ln^mf .l 981 "*- 3 Preferr8d en *odiment. the 

other Pho^^.tSLn^ ff' 6 »* ^™ ■* although 

addedtomeaddaluminium^peciesan^ compound 
of phosphorus per mole of aluminium aluminium spec.es Is suitably from 0.06 to 0.30 moles 

in the prepare of the 

desirable physical qualities. Changes XZ^^^T^J 0 ^ hydrotr9at,n 9 catalysts with 
in the process according to the orestrt ir^Sf f temperatures ** P"s result in changes in porosities. 
90'C. and preferab.y from ^c T^TTa JS^? hT'T* **** «™ 
preferab.y between 5.5 and 8.0. and more S^SSZ 60 £tt XT ^ and 

the precipitation step is not critical However thlmL^ lf"! 5 7A ^ ,en9tn of m * ** 
and the basic aluminium speciesls l£Z' £ ^^1^^" ^ a,Uminium 8p9cias 

and temperature of the system can be effectVely ceroid Str6an,S Mn ta mixed md tha pH 

,umi p sr°o n r^t c^To ^^o^^r is adjusted * — * a baa * 

preferably in the range from 9.5 to iSftS £ nTsu^™ 2 ^ 1 ** **" M to "* most 
20-C to 90-C. preferabiy from 50-C ZStfZTtS 15 minute, A,f " TT" ** fr ° m 
for ageing is not critical and is normally dsLL!! ; Upper ,,mit on * e len 9* of time 

typically range from 0.1 to 10 LTpZZTZ oS^T^ ^ «™ wi » 

hour. In general, aluminas with acceSbte a LwL L S " and m0re preferab, y from 0-25 »° ' 
substantially equa. to the pred^n ^pera^fT 9 by ^ *° ^ ^perature 

^ourt^it^ -eve substan^ally al, the salts 

washing is water although other solver^X^ ^ ^ so.ent for 

sa-ts are mixed until d --Zd^ 
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nickel ol cobalt and molybdenum and/or tungsten are added to the hydrogel in ™^ * 
innate into the final calcined catalyst from 1 %w to 5 %w of cobalt or nickel and from 8 %w to 18 /.w 
SSenum or 10 %w to 32 %w tungsten. When mixtures of molybdenum and tungsten are utilized, the 
final catalyst normally contains 8 %w to 32 %w molybdenum and/or tungsten. 

ma preferred embodiment, molybdenum is added to the hydrogel in the forrn o a dry. 
source of molybdenum such as ammonium heptamolybdate or ammonium J™lybdate. tungsten is 
praferably added to the hyurcgel as ammonium metatungstate. Nickel is preferably added to ^ hydrogel 
in the tan of dry. water-soluble nickel nitrate, nickel acetate, nickel formate, nickel "*J 
nickel phosphate, nickel carbonate, nickel chloride or nickel hydrox.de. wrth nickel nrtrate ^and nickel 
Snate being preferred. Phosphorus is preferably added directly to the hydrogel as phosphonc acid, a 
phoVphate salt or mixtures thereof. Alternatively, the dry nickel salt and the phosphorus compouml can be 
mixeo prior to addition to the hydrogel. Cobalt is added to the hydrogel in the form of dry water-soluble 
cobS nitrate, cobalt hydroxide, cobalt acetate, cobalt oxalate or cobalt oxide, wrth cobalt nrtrate bang 
preferred. In a preferred embodiment a phosphorus-containing compound in an amount of phosphorus in 
me range from 0.2 to 1.5 moles of phosphorus per mole of molybdenum ortungsten is added directly ^to 
the hydrogel. Alternatively, the phosphorus-containing compound can be mixed with toe dry cobalt saM .prior 
to addition to the hydrogel. The phosphorus-containing compound is typically selected from the group 
consisting of phosphoric acid, a phosphate salt and mixtures therof . 

A preferred method of mixing the dry metal salts of nickel or cobalt and molybdenum and/or tungsten 
20 with the hydrogel comprises adding hydrogen peroxide to the mixture in an amount ranging from (U to 1.0 
mole of hydrogen peroxide per mole of molybdenum and/or tungsten. Optionally, a surtable amine 
compound such as monoethanolamine. propanolamine or ethylenediamine may be added to the mixture in 
order to aid in stabilization of the mixture. . 

The dry metal salts of nickel or cobalt and molybdenum and/or tungsten are typically added to the 
hydrogel In the form of finely divided particles which are generally 0.15 mm or less in size. While partcle 
sL is not critical and larger particles may be utilized, it is economically advantageous to use parucles 
which are 0.15 mm or less in size. . ,,.„,,„__, 

The temperature and pH of the mixing step are both important variables in the preparation of hydrogel- 
derived catafysts which have acceptable densities and porosities. In general, high temperatures in he 
mixing step result in lower density catalysts. The pH of the mixing step, however, appears to be cr.Ucal to 
the formation of catalysts having the desired properties. Upper limits on the pH of the mmng step w..l be 
9 5 preferably 9.0. more preferably 8.5 and most preferably 8.0. Lower limits on the pH of toe mixing step 
will be 40. preferably 5.0 and more preferably 4.5. The mixture of the hydrogel support with the dry metal 
salts is typically carried out at a pH in the range between 4.0 and 8.0. preferably between 4.0 and 6.0. 
ss adjusting to these pH ranges by adding, if necessary, acid or base to the hydrogel and/or to the mixture of 
the dry metals and the hydrogel, and a temperature in the range between 25 »C and 100 °C preferably 
between 25 e C and 80 e C. until adsorption of the metals salts onto the gel is sufficient to yield a final 
calcined catalyst having from about 1%w to 5 %w of cobalt or nickel and from 8 %w to 18 %w 
molybdenum or from 10 %w to 32 %w tungsten. Typically, the times for mixing the hydrogel with the dry 
40 metal salts will range from 05 to 2 hours. 

Following the mixing step, the material obtained may be extruded and then dned and calcined, dned. 
mulled with addition of water, extruded or pelleted and calcined; or partially dried, extruded or pelleted, 
dried more completely and calcined. Drying is accomplished by conventional means. It may be earned out 
by forced draft drying, vacuum drying, air drying or similar means. Drying temperatures are not cntical and 
as depend upon the particular means utilized for drying. Drying temperatures will typically range from 50 'C to 
150 °C 

In a preferred embodiment, the material is extruded and then dried. Alternatively, the material may be 
extruded after drying to the proper loss on ignition (LOI). However, to facilitate extrusion, organic binders 
and/or lubricants may be added prior to extrusion. , 

so After drying, the material is calcined to produce the finished catalyst The matenal may be calcned in 
any atmosphere, reducing, oxidizing or neutral, although air is preferred. However, if binders and/or 
lubricants are used the material is heated in an oxygen-containing atmosphere, preferably air. in order to 
bum out the binders and lubricants. Calcining temperatures will typically range from 300 "C to 900 c. 
Drying, calcining and bum-out may be combined in one or two steps. Most frequently the calcining and/or 

65 bum-out steps are combined using an oxygen-containing atmosphere. 
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<*^T«oTZ sZ^d^S oZcl'r^ int ° th9 procedure without 

the complete dryinToTme catel TmTS aZf? V? For examp,e ' prio ' to 

calcination. Y ' V * 6XtrUded 8,111 ,hen dried more completely, followed by 

0.4 to^^ neater ^an 300 pore volumes ranging from 

nm. Crush JL£ « g^££?^ V£Z!*!T * ^ ******* 7 

range from 1 J£ , % J " 2£J ^k^^^ * ? " 

preferably 10 %w to 14 %w molybdenum or 10 %w to 32 %w pSSSLj SfSlKI? 1 1 * 18 

«on. dehydrogenase* o^rne^l^^^X^' ^V*"* 

hourly space velocities within the rings of fL Z Tio ScS^ " n0rma " y Mnducted « 

Multiple uses of these feedstock after treating with the oSIS^i *■ • 
Depending on the particular feedstocks treated, slbte i^ShlS. £ ' nVent, ° n V a,S0 P 083 " 5 ' 8 - 
as cat cracking, thermal cracking and hydroCTackirTi^,^ J COnvers,on unit feedstocks such 
turbine fuel, furnace oils and solvents nydrocrack,n 9- or ♦'"•shed products such as gasoline, diesel, airline 

construed as limiting me inverrton " f ° r i,,UStration and whi <* are not to be 

Example 1 

aluminium chloride hexahydrate were add* "S£> oraTS ? "* mat9fia ' S - 271 ' 5 ^ * 

along with 112 grams of water were a6dl7i ^JT ^ Rfty * s,x Qrams * 85,6 Phosphoric acid 
•C. Both sections were cSS JS£?!2 ZT^^^ ^ W8S heated to 60 

Rve thousand grams of water were added T> S , ? ?L P dr ° Ppin9 funne,s - 
thermometer and irrer AftHe T was fdSio to 7 f^* 6 * 1 bucket -<h a pH mete, 

solutions in the dropping funnels ZSZ£Sl£l£ 7 "? 1 SOdiUm a ' Uminate SO,u,ion ' th * «*• 
precipitation pH of 7. bW reagente 2™ £f£ in Z???T bucket maintaining a 

used, the final ageing pH ofT^Zon^f XadTi^ ^ ^ qUantW8S 01 rea 9 ents had 
aged for one hour at 60 »C The^ZTatST * ° USm9 The solution was 

«*» about 50 litres of wate ,^e exc2 ZStT* T"!? lar9e Buchne ' 

hydroge. was then divided into two e^Cs "* ^ "** by vacuum " ™» 

^ A «^^^^J?S^ T ^ * ^ Ph0Sph0ric acid w - then prepared. 
10 milliliters of ZZ^ ^^lSr^Z^Si^ " ^ ° f m °"^hano.amine and 
mixture was stirred « room^empXaTre J£ ours at a IFmT"?.""" ^ 
was filtered and excess water was removed bv ^ L £ ? * 018 end ° f t* 0 hours > *• slurry 
held extruder using a 4 mm cyli^^fdn J I* 96 ' W3S ^ extruded usin 9 a smaO. hand- 
properties of the cilys, anT fiEfJJS - 12 ° °° " d ^ * at 510 ^e 
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-^i^ji^isr,: zsras usin . 9 ws eme 56 9rams ° f 

55 catalyst a cobalt-containing catalyst was preoa^d Sv Z 1I so,u,,on - ***** °< a nickef^ontaining 

of the hydroge.. 30. 91 grams of coZ ZT^ l^Z^T^ 9 **** to 0ne 

grams of ammonium heptamolybdate ufg^s ^^Jd 9ram8 ° ffl5% phos P horic acid. 50.04 

oethanolamine were mixed into L gel with vigors "* * 3 9tamS of mon " 

a «n vigorous stirnng. The mixure was then strred for two hours at a 
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catalyst are listed in Tables IV and V. 

5 

Example 3 

A catalyst was prepared as described in Example 2 except that no phosphoric acid was added in the 
70 mixing step. The properties of the catalyst are listed in Tables IV and V. 



Example 4 



, s A catalyst was prepared as described in Example 2 except that the pH in the mixing step was adjusted 
to toVSng ammonium hydroxide. The properties of the catalyst are listed .n Tables IV and V. 



Comparative Experiment A 

20 

A 



„ catalyst was prepared as described in Example 1 except that the P H In the mixing step was adjusted 
to 10.0 using ammonium hydroxide. The properties of the catalyst are listed In Tables I and II. 

25 Comparative Experiment B 

A catalyst was prepared as described in Example 1 except that the pH in the mixing step was adjusted 
to 2.0 using hydrochloric acid. The materials prepared in this experiment appeared to be unsalable for 
testing as the alumina support dissolved when the pH was adjusted to 2.0. 
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Comparative Experiment C 

A catalyst was prepared as described in Example 1 except that no phosphoric acid was added in the 
as mixing step. The properties of the catalyst are listed in Tables I and II. 
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Comparative Experiment D 

A catalyst was prepared using a conventional dry pore volume impregnation technique. A solution 
suitable for impregnating a gamma alumina carrier was prepared as follows. A first solution was tmade by 
adding 19.39 grams of nickel nitrate and 16.18 grams of phosphoric acid to 5 mUhhtres of water wh«h 
solution was then heated to 40 «C and stirred in order to effect dissolution of the matenals. A second 
solution was prepared by mixing 5.5 millilitres of 30% hydrogen peroxide. 30 millilitres of distilled water and 
35 20 grams of ammonium heptamolybdate. The mixture was then heated to 40 «C and stirred unbl all 
solids were dissolved. When botti solutions were at or near ambient temperature, the second solution was 
slowly added to the first solution while stirring. After cooling and diluting with water to match the total pore 
volume of the support, the solution was added to the gamma alumina support in several small portions with 
intermediate agitations. The impregnated support was further agitated during a period of 5 minutes, dried 
for 2 hours at 204 °C and calcined in air for 2 hours at 482 °C. The properties of the catalyst are listed in 
Tables I and II. 
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Comparative Experiment E 

A catalyst was prepared as described in Example 2 except that the pH in the mixing step was adjusted 
to 2.0 using aqueous hydrochloric acid. The materials prepared in this experiment appeared to be 
unsuitable for testing as the alumina support dissolved when the pH was adjusted to 2.0. 
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Comparative Experiment F 

A catalyst was prepared using a conventional dry pore volume impregnation technique A solution 
^ 3 9amma a ' Umina ^ was as *** * first JL£Z*j£!£ 

2S„ f "? ° T****** -nd 967 9ramS * phos P horic acid t° 5 rniHiiitres of water whS 
so ution was then heated to 40 «C and stirred in order to effect dissolution of the materials A second 

T^l^t^^l 4 f "TUT 0130 % hydr0 " n PerOXide ' 40 ^"""resTdisti^r 
and 23.39 grams of ^mon.um heptamolybdate. The mixture was then heated to 40 -C and stirred until all 

ow«y S iZSJSZZ TT- T " n9ar ambiSnt *• second Sulion wal 

no™ vn^MK ! ?k "f 6 Strnn9 - Aft6r C00,in9 and di,utin 9 with water to match the total water 
pore volume of the support, the solution was added to the gamme alumina support in several small portions 

TJTZT* ? ST. 1719 impre9nated W« was ^er agitated du^ng a penod Ts STs 

S ^sTv SJ!! ° ^ ^ " * 2 h ° Ura 3t 482 ° C - ™ 9 w2*T- - catalyst 

Catalyst Testing 

Catalyst samples were used to hydrotreat a catalytically-cracked heavy oas oil (CCHGto m « 
n^X^T' f 6XtrUded ™e crushec TlTevedto of J55 

presuipnued with a 5% H2S/H2 (v/v) gas mixture at 371 °C for 2 hours prior to testino A rcHftn J»e 
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Measured using an Orion 231 pH meter and Orion electrodes. 
209 ml volume fully settled in a graduated cup and weighed. 
Measured using an Orion 231 pH meter and Orion electrodes. 
BET, by nitrogen adsorption/desorption, Micromeritics Digisorb 
2500 Instrument. 

By nitrogen adsorption, Micromeritics Digisorb 2500 
Instrument. 

Flat plate, single pellet, extrudate approximately 5 mm in 
length. 

Weight percent determined by neutron activation analysis or 
atomic absorption spectroscopy. 

Weight percent determined by neutron activation analysis or 
atomic bsorption spectroscopy 

Weight percent determined by neutron activation analysis or 
atomic absorption spectroscopy. 

Determined by mercury intrusion, to 4136 bar using a 
Micromeritics Autopore 9210, using a 130' contact angle and 
0.473 N/m surface tension of mercury. Numbers listed are 
percent pore volume. 
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T ABLE VI 
Specific Catalyst Performance 



CCHGO VOLUMETRIC 
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Comparative Experiment F 
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H - hydrogenation 
N = denitrogenation 
S «» desulphurization 
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Claims 



»n«*iZ°^ f f r P repari "? hi 9 h, V active nydrotreating catalysts having surface areas above 300 m*/g 
and at least 80% of the pore diameters less than 7 nm. which process comprises- 

35 n K„«J 8) pred P itatin 9 311 a£ l ueous solutio " ^ or more aluminium salt(s) in the presence of a 
phosphorus-contain.ng compound by adjusting the pH of said solution to a range between 5 5 and 10 0 at a 
temperature in the range between 20 »C and 90 thereby forming a precipitate 

ph JSySS at 8 temperature ran9ing ,rom 20 ° c 10 90 90 for 81 least 15 minutes at a 

*o (c) washing the precipitate, 

i*^? 9 * 6 «'th dry. water-soluble salts of a heavy metal selected from the group 

TS Z l n r^ de "7' T 9Sten miXtUr9S there0f 3011 either of «*■* at a pH in the range beteen 
1S<1? £ T° 6 f d 3 ph08ph0rUS * C0nWnin 9 COfn P°""d in an amount of from 0.2to 15 motesof 
phosphorus per mole of heavy metal at a pH in the range between 4.0 and 8.0 at a temperature in the 

45 2VXS % hir^. ' c 10 yie,d a final havin9 from 1 % to 5 % * — - 

(e) extruding the product of step (d), and 

(f) drying and calcining the product of step (©) at a temperature ranging from 300 8 C to 900»C 

en alurfini^S^T*" 9 *° T - 1, Wherei " (3) COmDrises titratin 9 30 *>™°n of "an acid 

so alum>n.um salt and an aqueous soluaon of a basic aluminium compound in the presence of a phosphorus- 

TaZ 1 V" ra " 9e b8tWeen 5 - 5 30(1 100 and a the r^e be^een 

20 'C and 90 "C. thereby forming a precipitate. 

3. A process according to claim 1. wherein step (a) comprises titrating an aqueous solution of a basic 

TcZ STE 3 K 3 , PH " ^ tetW6en " ■ nd 100 and a tem Porlre in the rTge between 
55 20 °C and 90 °C, thereby forming a precipitate. uww«w. 
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4. A process according to claim 1, wherein step (a) comprises titrating an aqueous solution of an acid 
aluminium salt with an aqueous solution of a basic aluminium compound and sodium phosphate at pH in 
the range between 5.5 and 10.0 and a temperature in the range between 20 °C and 90 °C, thereby forming 
a precipitate. 

s 5. A process according to claim 1, wherein step (d) comprises mixing a dry, water-soluble salt of a 
heavy metal selected from the group consisting of molybdenum, tungsten and mixtures thereof, and a 
mixture of a dry. water-soluble nickel salt and a phosphorus-containing compound in an amount of from 0.2 
to 1.5 moles of phosphorus per mole of heavy metal with the precipitate at pH in the range between 4.0 and 
0.8 or a mixture of a dry, water-soluble cobalt salt and a phosphorus-containing compound with the' 

10 precipitate at a pH in the range between 4.0 and 10.0, at a temperature in the range between 25 °C and 
100 °C to yield a final catalyst having from 1 %w to 5 %w of cobalt or nickel and from 8 %w to 32 %w of 
heavy metal. 

6. A process according to claim 1, wherein step (a) comprises titrating an aqueous solution of an acid 
aluminium salt and an aqueous solution of a basic aluminium compound in the presence of a phosphorus- 

75 containing compound at a pH in the range between 5.5 and 10.0 and a temperature in the range between 
20 °C and 90 °C, thereby forming a precipitate, and step (d) comprises mixing a dry, water-soluble salt of a 
heavy metal selected from the group consisting of molybdenum, tungsten and mixtures thereof, and a 
mixture of a dry, water-soluble nickel salt and a phosphorus-containing compound in an amount of from 0.2 
to 1.5 moles of phosphorus per mole of heavy metal with the precipitate at a pH in the range between 4.0 

20 and 8.0 or a mixture of a dry. water-soluble cobalt salt and a phosphorus-containing compound with the 
precipitate at a pH in the range between 4.0 and 10.0, at a temperature in the range between 25 °C and 
100 °C to yield a final cataJyst having from 1 %w to 5 %w of cobalt or nickel and from 8 %w to 32 %w 
heavy metal. 

7. A process according to claim 1, wherein step (a) comprises titrating an aqueous solution of acid 
25 aluminium salt and phosphoric acid with an aqueous solution of a basic aluminium compound at a pH in the 

range between 5.5 and 10.0 and a temperature in the range between 20 °C and 90 °C, thereby forming a 
precipitate, and step (d) comprises mixing a dry. water-soluble metal salt of a heavy metal selected from 
the group consisting of molybdenum, tungsten and mixtures thereof, and a mixture of a dry, water-soluble 
nickel salt and a phosphorus-containing compound in an amount of from 0.2 to 1.5 moles of heavy metal 
so with the precipitate at a pH in the range between 4.0 and 8.0 or a mixture of a dry, water-soluble cobalt salt 
and a phosphorus-containing compound with the precipitate at a pH in the range between 4.0 and 10.0, at a 
temperature in the range between 25 °C and 100 «C to yield a final catalyst having from 1 %w to 5 %w of 
cobalt or nickel and from 8 %w to 32 %w heavy metal. 

8. A process according to claim 1, wherein step (a) comprises titrating an aqueous solution of an acid 
aluminium salt with an aqueous solution of a basic aluminium compound and sodium phosphate at a pH in 
the range between 5.5 and 10.0 and a temperature in the range between 20 °C and 90 °C, thereby forming 
a precipitate, and step (d) comprises mixing a dry, water-soluble metal salt of a heavy metal selected from 
the group consisting of molybdenum, tungsten and mixtures thereof, and a mixture of a dry, water-soluble 
nickel salt and a phosphorus-containing compound in an amount of from 0.2 to 1.5 moles of phosphorus per 
mole of heavy metal with the precipitate at a pH in the range between 4.0 and 8.0 or a mixture of a dry, 
water-soluble cobalt saft and a phosphorus-containing compound with the precipitate at a pH in the range 
between 4.0 and 10.0 at a temperature in the range between 25 °0 and 100 °C to yield a final catalyst 
having from 1 %w to 5 %w of cobalt or nickel and from 8 %w to 32 %w heavy metal. 

9. A process according to claim 2, wherein step (a) comprises titrating an aqueous solution of an acid 
46 aluminium salt selected from the group consisting of aluminium sulphate, aluminium nitrate and aluminium 

chlonde. and an aqueous solution of a basic aluminium compound selected from the group consisting of 
sodium aluminate and potassium aluminate, in the presence of a phosphorus-containing compound at a pH 
in the range between 5.5 and 8.0 and a temperature in the range between .20 °C and 90 "C. thereby 
forming a precipitate, and step (d) comprises mixing the precipitate with dry, water-soluble nickel salts and 
molybdate or dimolybdate salts, adp phosphoric acid in an amount of from 0.2 to 1.5 moles of phosphorus 
per mole of molybdenum or with dry, water-soluble cobalt salts and molybdate or dimolybdate salts and 
optionally phosphoric acid in an amount of from 0.2 to 1.5 moles of phosphorus per moles of molybdenum 
at a pH in the range between 4.0 and 6.0, and a temperature in the range between 25 °C and 100 *C to 
yield a final catalyst having from 2.5 %w to 4 %w of cobalt or nickel and from 10 %w to 14 %w 
55 molybdenum. 

10. A process according to claim 1. wherein step (a) comprises precipitating an aqueous solution of an 
acid aluminium salt selected from the group consisting of aluminium sulphate, aluminium nitrate and 
aluminium chloride, and an aqueous solution of a base in the presence of a phosphorus-containing 
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compound at a pH in the range between 5.5 and 8.0 and a temperature In the range between 20 °C and 90 
°C, and step (d) comprises mixing the precipitate with dry, water-soluble nickel salts and molybdate or 
dimolybdate salts, and phosphoric acid in an amount of from 0.2 to 1 .5 moles of phosphorus per mole of 
molybdenum or with dry, water-soluble cobalt salts and molybdate or dimolybdate salts and optionally 
5 phosphoric acid in an amount of from 0.2 to 1.5 moles of phosphorus per mole of molybdenum at pH in the 
range between 4.0 and 6.0 and a temperature in the range between 25 °C and 100 °C to yield a final 
catalyst having from 2.5 %w to 4 %w of cobalt or nickel and from 10 %w to 14 %w molybdenum. 

11. A process according to claim 1, wherein step (a) comprises precipitating an aqueous solution of an 
acid with an aqueous solution of a basic compound selected from the group consisting of sodium aluminate 

to and potassium aluminate, in the presence of a phosphorus-containing compound at a pH In the range 
between 5.5 and 8.0 and a temperature in the range between 20 °C and 90 °C, and wherein step (d) 
comprises mixing the precipitate with dry, water-soluble nickel salts and molybdate or dimolybdate salts, 
and phosphoric acid in an amount of from 0.2 to 1.5 moles of phosphorus per mole of molybdenum or with 
dry, water-soluble cobalt salts and molybdate or dimolybdate salts and optionally phosphoric acid in an 

75 amount of from 0.2 to 1.5 moles of phosphorus per mole of molybdenum at a pH in the range between 4.0 
and 6.0, and a temperature in the range between 25 °C and 100 °C to yield a final catalyst having from 2.5 
%w to 4 %w of cobalt or nickel and from 10 %w to 14 %w molybdenum. 

12. A process according to one or more of claims 1 - 8 wherein process step (a) is carried out at a pH 
in the range between 5.5 and 8.0. 

so 13. A process according to one or more of claims 1-12 wherein step (a) is carried out at a temperature 
between 50 °C and 85 °C. 

14. A process according to one or more of claims 1-12 wherein the amount of phosphorus-containing 
compound in step a) is from 0.06 to 0.30 moles of phosphorus per mole of aluminium. 

15. A process according to one or more of claims 1-14 wherein the step (b) is carried out at a pH in 
25 the range between 9.0 and 11.0. 

16. A catalyst which comprises a catalytically effective amount of cobalt or nickel and a cataiytically 
effective amount of a heavy metal selected from the group consisting of molybdenum, tungsten or mixtures 
thereof, on an alumina support, said catalyst having a surface area greater than 300 m z /g and at least about 
80 % of its pore volume in pores having diameters less than 7 nm. wherein said catalyst has been prepared 

30 by the process according to one or more of claims 1-15. 

17. A process for hydrotreating hydrocarbon-containing feeds wherein a catalyst is used which has 
been prepared by a process according to one or more of claims 1-15. 
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